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ABSTRACT

Background: Acute exacerbations of chronic rhinosinusitis (AECRS) are associated with significant morbidity and
decreased quality of life. There are sparse data assessing the real-world impact of biologics on AECRS.
Objectives: We sought to determine the impact of type 2–targeting biologics on the frequency of medication use for

AECRS episodes.
Methods: Antibiotic and/or systemic corticosteroid courses for AECRS were identified in a retrospective study from

November 2015 to February 2020, at a single academic health system. The estimated yearly rates for antibiotic and corticoste-
roid courses were evaluated before and after initiation of type 2 biologics.
Results: One-hundred and sixty-five patients with chronic rhinosinusitis (CRS) had received either omalizumab (n = 12),

mepolizumab (n = 42), benralizumab (n = 44), dupilumab (n = 61), or reslizumab (n = 6). Seventy percent had CRS with
nasal polyps, and 30% had CRS without nasal polyps. All the patients had asthma. When all the biologics were combined, the
estimated yearly rate for antibiotics for AECRS decreased from 1.34 (95% confidence interval [CI], 1.12–1.59) to 0.68 (95%
CI, 0.52–0.88) with biologic use (49% reduction, p< 0.001). Those with frequent AECRS (three or more courses of antibiotics
in the 1 year before biologic use) had a larger degree of reduction, with an estimated yearly rate of 4.15 (95% CI, 3.79–4.55)
to 1.58 (95% CI, 1.06–2.35) with biologic use (n = 27; 62% reduction; p < 0.001). Within the total cohort, the estimated
yearly rate for systemic corticosteroids for AECRS decreased from 1.69 (95% CI, 1.42–2.02) to 0.68 (95% CI, 0.53–0.88)
with biologic use (60% reduction; p < 0.001).
Conclusion: Type 2–targeting biologics reduced medication use for AECRS. This suggested that biologics may be a thera-

peutic option for patients with frequent AECRS.

(Allergy Asthma Proc 42:417–424, 2021; doi: 10.2500/aap.2021.42.210058)

C hronic rhinosinusitis (CRS) is an inflammatory
disease of the nose and paranasal sinuses that

affects ;6–12% of the general population.1–4 Acute
exacerbation of CRS (AECRS) is defined as acute wor-
sening of CRS intensity, with a return to baseline fre-
quently with interventions, including antibiotics
and/or systemic corticosteroid use.5,6 CRS-related
antibiotics and oral corticosteroids are both

associated with reduced CRS-specific and general
health-related quality of life.7 CRS is one of the top
five diagnoses associated with antibiotic prescrip-
tions in the ambulatory care setting.8 It is estimated
that 19% of patients with CRS have frequent AECRS
that leads to four or more antibiotic courses per
year.9 Moreover, short-term oral corticosteroids are
associated with an increased risk of adverse events,
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including fractures and venous thromboembo-
lism.10,11 Frequent AECRS is associated with type 2
inflammation.9

Monoclonal biologics that target type 2 inflammation
have improved management options in patients with
predominant type 2 airway disease. The impact of bio-
logics (specifically, omalizumab) on antibiotics in CRS
is limited to two small retrospective studies that
showed reduced episodes of acute rhinosinusitis.12,13

In addition, one small study observed reduced antibi-
otics with biologic use in patients with CRS but did not
report if it was specifically for AECRS.14 The impact of
biologics on reducing systemic corticosteroids is based
on clinical trials for assessment of dupilumab and oma-
lizumab in CRS with nasal polyps (CRSwNP).15,16

Investigating how biologics impact antibiotic and
systemic corticosteroid use for AECRS may better
inform treatment strategies for patients with CRS. We
hypothesize that biologics decrease antibiotic and
corticosteroid use for AECRS. To examine this, we
determined the effect of type 2–targeting biologics on
the frequency of antibiotic and corticosteroid pre-
scriptions for AECRS.

METHODS

Study Design and Identification of Patients with
AECRS
This retrospective study was conducted across 10 hos-

pitals affiliated with Northwestern Medicine, one of the
largest health systems in metropolitan Chicago, and was
approved by the Northwestern University Feinberg
School of Medicine’s institutional review board. Patients

� 18 years of age prescribed biologics for the treatment
of a type 2 respiratory disease, including CRS, asthma,
or nasal polyps, were identified by an automated chart
review that used Northwestern Medicine’s Enterprise
Data Warehouse (EDW), an electronic repository of
health records of >6.6 million distinct patients.
The EDW was searched between November 2015 and

February 2020. Patients were included if they (1) had a
upper or lower respiratory disease as listed in the
International Classification of Diseases, Ninth Revision, or the
International Classification ofDiseases, TenthRevision (https://
www.who.int/standards/classifications/classification-of-
diseases) diagnosis codes of CRS (473.x, J32.x), nasal pol-
yposis (471.x, J33.x), or asthma (493.x, J45.x); and (2) their
records documented a type 2–targeting biologic. Type 2–
targeting biologics were searched via full-text keyword
search for the following: (1) omalizumab (Xolair;
Novartis AG, Switzerland), (2) mepolizumab (Nucala;
GlaxoSmithKline, UK), (3) reslizumab (Cinqair; Teva,
Israel), (4) benralizumab (Fasenra; AstraZeneca, UK),
and (5) dupilumab (Dupixent; Sanofi and Regeneron,
MA). Next, by manual chart review, we included
patients evaluated in the otolaryngology or allergy and
immunology clinics, and diagnosedwith CRS by either a
sinus computed tomography or endoscopy. All patients
met the diagnosis of CRSwNP or CRSwithout nasal pol-
yps (CRSsNP) as defined by the International Consensus
Statement on Allergy and Rhinology: Rhinosinusitis.17

The decision for the type of biologic chosenwas based on
shared decision-making between the managing physi-
cian and the patient. We excluded patients for whom
there was no evidence of initiation of the prescribed bio-
logic, incomplete or unavailable documentation before

Figure 1. Algorithm for inclusion of study
participants..Chronic spontaneous urticaria.
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the biologic was initiated, age < 18 years, a biologic initi-
ated for chronic urticaria, or if a biologic was initiated
during a clinical trial. If the biologic was started before
2015, then these patients were excluded in an effort to
uniformly assess biologics actively used since 2015.

Quantitation of Antibiotic and Corticosteroid
Courses for AECRS
AECRS is defined as worsening of sinonasal symp-

toms that results in a prescription of a systemic antibi-
otic.6 A manual chart review of individual records was
performed to determine the number of antibiotics for
AECRS during the 12 months before biologic initiation
and during biologic use. Data extraction included only
antibiotics specifically prescribed for AECRS. Antibiotic
courses provided for worsening lower respiratory

symptoms were included if the investigators were able
to confirm that the patients also reported worsening
sinonasal symptoms. Once a biologic was initiated, the
number of antibiotics was analyzed as an estimated
yearly rate. In addition to analyzing the entire cohort, we
assessed antibiotic use in those with three or more
courses of antibiotics in the 12 months before initiating
the biologic. Antibiotics administered within the imme-
diate 3-week period after any sinus surgery were
excluded from the analysis. Medical records were
reviewed with the same approach for systemic cortico-
steroid courses prescribed for AECRS.

Statistical Analysis
Descriptive statistics were calculated for all variables

of interest. Categorical variables were summarized by
using counts and percentages. Continuous variables
were measured by using median (interquartile range) or
mean 6 standard deviation (SD), as appropriate. To
examine the relationship between primary predictor of
interest (before versus after) and outcome (systemic anti-
biotic or corticosteroid courses), a generalized estimating
equation (GEE) was performed with the variable of inter-
est as the outcome and time (before versus after) as the
predictor one at a time. A random participant effect was
included in the generalized estimating equation to dis-
tinguish between-within versus between-participant var-
iances. We used the Poisson distribution, log link, and
time offset for count outcomes for total antibiotic courses
and, separately, total corticosteroid courses for AECRS.
Subgroup analyses (CRSwNP, CRSsNP, by biologics)
with similar statistical strategies as mentioned above
were also performed. A p value of <0.05 was viewed as
significant.

RESULTS

Study Population Characteristics
The EDW search yielded 165 patients with CRS who

received a type 2–targeting biologic (Fig. 1). The mean 6
SD duration of therapy with biologics was 16 6 13
months (range, 1–58 months). The mean 6 SD duration
of therapy in months was longer for omalizumab (30.96
19.7 months), mepolizumab (23.1 6 15.1 months), and
reslizumab (21.3 6 9.4 months) than for benralizumab
(13.16 7 months) and dupilumab (10.76 6.9 months) as
a result of the respective dates of approval and prescrib-
ing patterns. Both asthma and CRSwNPwere indications
for biologic in 48 of 165 patients, whereas asthma alone
was the indication in 117 of 165 patients. Cohort charac-
teristics are summarized in Table 1. The mean 6 SD age
was 55 6 13 years, and the patients were predominantly
women (60%). Our cohort’s primary race and/or ethnic-
ity was non-Hispanic white (65%), followed by non-
Hispanic African American (19%). CRS phenotypes
included 115 of 165 patients with CRSwNP (70%) and 50

Table 1 Demographics and clinical characteristics of
the study participants

Demographics and Characteristics Value (N = 165)

Age, mean 6 SD, y 55 6 13
Gender, n (%)

Men 66 (40)
Women 99 (60)

Race or ethnicity, n (%)
White/non-Hispanic 107 (65)
Black/non-Hispanic 32 (19)
Asian/non-Hispanic 10 (6)
Other 16 (10)

Smoking status, n (%)
Active 1 (0.01)
Former 51 (31)
Never 113 (68)

CRS phenotype, n (%)
CRSsNP 50 (30)
CRSwNP 115 (70)

Comorbidities, n (%)
Asthma 165 (100)
Allergic rhinitis 128 (78)
AERD 35 (21)
Gastroesophageal reflux disease 80 (48)

Sinus surgeries, median
(interquartile range)

1 (0.0–6.0)

Laboratory values, mean 6 SD
IgE level, IU/L* 520 6 828
Absolute eosinophil count, k/UL# 0.896 6 1.1

SD = Standard deviation; CRS = chronic rhinosinusitis;
CRSsNP = chronic rhinosinusitis without nasal polyps;
CRSwNP = chronic rhinosinusitis with nasal polyps;
AERD = aspirin exacerbated respiratory disease; IgE = im-
munoglobulin E.
*Data available for n = 134.
#Data available for n = 159.
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of 165 patients with CRSsNP (30%). All the patients had
asthma (100%).

Clinical Outcomes
We first analyzed those with frequent AECRS,

defined as requiring three or more courses of antibiot-
ics in the year before biologic use (n = 27). The esti-
mated yearly rate of antibiotic courses with biologic
use improved by 62% from baseline of 4.15 (95% CI,
3.79–4.55) to 1.58 (95% CI, 1.06–2.35) (p<0.001) (Fig.
2A). We also assessed antibiotic courses prescribed for
AECRS before and during biologic use for the entire
cohort. The estimated yearly rate of antibiotic courses
decreased from 1.34 (95% CI, 1.12–1.59) to 0.68 (95%
CI, 0.52–0.88) with biologic initiation (49% reduction;
p<0.001) (Fig. 2B). When separated by phenotype, the
estimated yearly rate of antibiotic courses in patients
with CRSwNP reduced from 1.27 (95% CI, 1.04–1.56)
to 0.71 (95% CI, 0.51–0.99) with biologic use (44%
reduction; p<0.001) (Fig. 2B). In CRSsNP, the esti-
mated yearly rate of antibiotic courses decreased from
1.47 (95% CI, 1.07–2.04) to 0.61 (95% CI, 0.40–0.92) with
biologic use (59% reduction; p< 0.001) (Fig. 2B).
The impact of individual biologics on antibiotic

courses for AECRS is shown in Fig. 3. Specifically,
mepolizumab reduced estimated yearly antibiotic use
in CRSsNP by 66% (p<0.001), and there was a trend
toward a decrease in CRSwNP (33% reduction;
p=0.12). Benralizumab reduced yearly antibiotic use in
CRSsNP by 69% (p<0.001), and there was a trend to-
ward a decrease in CRSwNP (23% reduction; p=0.24).
Omalizumab reduced yearly antibiotic use in CRSsNP
by 76% (p< 0.001), but there was no difference in
patients with CRSwNP (p=0.14). In contrast,

dupilumab reduced antibiotic use in CRSwNP by 67%
(p=0.002), and there was a trend toward a decrease in
CRSsNP (31% reduction; p=0.34). There was no associ-
ation with the use of reslizumab with antibiotic reduc-
tion in the combined CRS group (n = 6) (data not
shown). The estimated yearly rate of corticosteroid
courses for AECRS when combining all biologics
reduced from 1.69 (95% CI, 1.42–2.02) to 0.68 (95% CI,
0.53–0.88) with biologic initiation (60% reduction;
p< 0.001) (Fig. 4). The impact of individual biologics
on corticosteroid use for AECRS was also assessed.
Mepolizumab, benralizumab, and dupilumab were
associated with reduced corticosteroids (Fig. 5). A
reduction in corticosteroids in those who were taking
omalizumab or reslizumab was not seen, likely due to
an insufficient sample size.

DISCUSSION
We reported a decrease in AECRS when using type

2–targeting biologics. Our study provided evidence
that biologic use may curtail the number of antibiotics
and corticosteroids prescribed for AECRS, a diagnosis
associated with frequent antibiotic and/or corticoste-
roid prescriptions.7,8,18 Antibiotic overuse contributes
to antibiotic resistance and Clostridium difficile infec-
tion, which is why the U.S. Centers for Disease Control
and Prevention continues to prioritize the implementa-
tion of antibiotic stewardship programs. In addition,
the use of short-term corticosteroids, often for respira-
tory conditions, is associated with an increased risk of
serious adverse events, including sepsis, heart failure,
gastrointestinal bleeding, venous thromboembolism,
and fractures.10,11,19 The cumulative use of short-term
systemic corticosteroids showed a dose-dependent

Figure 2. Biologics were associated with decreased antibiotic courses for AECRS in frequent users of antibiotics and the overall cohort. (A)
Biologics were associated with an estimated 62% decrease in antibiotic courses per year in patients with CRS and frequent antibiotic use
(requiring three or more antibiotic courses in the year before biologic use). (B) Biologics were associated with decreased antibiotic courses
per year in all patients with CRS, including CRSwNP and CRSsNP. Statistical analyses were performed by using the generalized estimat-
ing equation, and significance was determined by using the two-tailed test with p< 0.05. The black circle represents estimated yearly rate.
AECRS = Acute exacerbation of chronic rhinosinusitis; CRS = chronic rhinosinusitis; CRSwNP = chronic rhinosinusitis with nasal pol-
yps; CRSsNP = chronic rhinosinusitis without nasal polyps.

420 September 2021, Vol. 42, No. 5



increase in developing an adverse event.19 Although a
large proportion of our cohort had a low absolute base-
line estimated yearly rate for antibiotics and corticoste-
roids for AECRS, the potential cumulative reduction in
the use of these medications over time may be consid-
ered an important benefit given the lifetime chronicity
of CRS.
Moreover, a 62% reduction in antibiotic use in

patients who required three or more antibiotic courses
in the 12 months before biologic initiation suggests that
those with frequent acute exacerbations could be a pri-
mary group that benefits from biologic therapy, with a
reduction in the multiple untoward consequences of fre-
quent antibiotic and corticosteroid use. Although we
observed decreased use of antibiotics for AECRS with
mepolizumab, benralizumab, dupilumab, and omalizu-
mab, and decreased corticosteroid courses with mepoli-
zumab, benralizumab, and dupilumab, we could not
directly compare the biologics because of the study
design. Based on an assessment of the impact of

individual biologics, there was variability in antibiotic
reduction based on CRS phenotypes. Specifically, dupi-
lumab was associated with a significant reduction in an-
tibiotic use in CRSwNP. In CRSsNP, mepolizumab,
benralizumab, and omalizumab were associated with
decreased antibiotic use for AECRS.
The mechanism by which biologics decreased

AECRS is not well established. Several studies have
identified interleukin (IL) 4, IL-13, and possibly IL-5
as notable cytokines responsible for an impaired epi-
thelial barrier in airway diseases.20–25 Results of these
studies suggest that type 2 cytokines may weaken the
mechanical barrier and increase the permeability of
molecules, including unwanted pathogens, which can
lead to susceptibility to colonization and infection. It
is thus possible that restoration of the barrier with
type 2–targeting biologics may be one of the main
mechanisms that leads to clinical benefit. Analysis of
emerging data suggests that type 2 inflammation
characterizes up to 50% of the patients with CRSsNP,

Figure 3. Effect of individual biologics on antibiotic courses for AECRS. (A) Mepolizumab reduced antibiotics in total CRS and CRSsNP but
not CRSwNP, (B) benralizumab reduced antibiotics in total CRS and CRSsNP but not CRSwNP, (C) omalizumab reduced antibiotics in total
CRS and CRSsNP but not CRSwNP, and (D) dupilumab reduced antibiotics in total CRS and CRSwNP but not CRSsNP. Statistical signifi-
cance was determined by using the two-tailed test with p< 0.05. AECRS = Acute exacerbation of chronic rhinosinusitis; CRS = chronic rhinosi-
nusitis; CRSsNP = chronic rhinosinusitis without nasal polyps; CRSwNP = chronic rhinosinusitis with nasal polyps.
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which may explain the positive effect of these biolog-
ics, although no biologics are currently approved for
patients with CRSsNP.26,27

In addition, biologics may positively modify the func-
tional innate host defense against pathogens and reduce
the propensity to acquire bacterial infections. Previous
studies show decreased expression of antimicrobial pro-
teins in the presence of type 2 inflammation.28–30 Thus,
the type 2 cytokine microenvironment may predispose
to infection, particularly with Staphylococcus aureus, as
seen in patients with atopic dermatitis.29 As such, dupi-
lumab has shown reduced colonization of S. aureus and
the need for concomitant antibiotics in patients with
atopic dermatitis.31–34 It is possible that biologics may
improve the innate antimicrobial immune response in
patients with CRS. Prospective studies that investigate
nasal and sinus antimicrobial properties and S. aureus
colonization by using type 2–targeting biologics can pro-
vide more insight into this. Antibiotic and corticosteroid
prescriptions for worsening sinonasal symptoms were
chosen as surrogate markers for AECRS because these
are usually used for AECRS treatment.5,6 In addition, use
of antibiotics and/or corticosteroids has been reported as
an indirect metric when evaluating CRS exacerba-
tions.35–37 That said, the role of antibiotics as treatment
for CRS exacerbations is unclear because viral infections
may be the cause for acute infectious exacerbations.6

We used a rigorous algorithm in the study by first
searching the EDW and then verifying the use of a bio-
logic and a CRS diagnosis by manual chart review. All
the patients had a computed tomography of the sinus

or an endoscopy, which confirmed the diagnosis of
CRS. Our CRS population had a predominance of
nasal polyps, which may be partly because this pheno-
type is highly associated with moderate-to-severe
asthma, which was the main indication for biologic use
when this study was conducted.38 This also explains
the 100% asthma comorbidity observed in our patients
with CRS. Our center practices antibiotic stewardship,
so providers are less likely to administer antibiotics
unless patients have persistent symptoms with evi-
dence of infection, such as purulent discharge or posi-
tive cultures. This may explain our small baseline
number of antibiotics per year. However, the cumula-
tive reduction in antibiotics may be a secondary benefit
from biologic therapy, especially in individuals with
frequent AECRS because this phenomenon has been
associated with type 2 inflammation.9 Longer-term
studies are needed to evaluate this.

Limitations
Limitations of this work included the retrospective

study design and lack of a control group treated without
biologics. The study relied on detailed physician docu-
mentation, which is variable, and limited our ability to
make causal inferences from the data. The available
details on exacerbations may have been affected by the
frequency of clinic visits and limited documentation of
medication adherence. Although treatment of episodes at
facilities outside of the medical record may have
occurred, physician documentation often included assess-
ment of interval antibiotic and corticosteroid use at each
follow-up visit, and were counted if the definition of
AECRS had been met. In many cases, antibiotic prescrip-
tions were administered based on the treating physician’s
clinical judgment, which reflects the real-world practice
and often is not associated with obtaining bacterial cul-
tures. To minimize the inclusion of antibiotics prescribed
for other indications, we confirmed through the manual
chart review that all antibiotic prescriptions were for
AECRS. Some of the exacerbations may have been trig-
gered by viral and not bacterial etiology.
A small portion of patients (10.8%) had sinus surgery

after biologic initiation or started a biologic within 8
weeks of surgery. We did not exclude these patients as
part of the analyses because this was a real-world
observational study. Due to the study’s retrospective
nature, there may have been some bias in patient selec-
tion. The patients in our cohort had variable levels of
CRS control. As indications for type 2 biologic use in
refractory CRS grows, those patients being initiated
reflect a more severe CRS group; this warrants evalua-
tion as part of a future study. Our study did not
directly compare biologics due to inherent challenges
and confounders, including differences in patient clini-
cal characteristics, different periods on treatment, and

Figure 4. Biologics were associated with decreased corticosteroid
courses per year for AECRS. Biologics were associated with
decreased corticosteroid courses per year in all the patients with
CRS, including CRSwNP and CRSsNP. Statistical analyses were
performed by using the generalized estimating equation, and signif-
icance was determined by using the two-tailed test with p < 0.05.
The black circle represents the estimated yearly rate. AECRS =
Acute exacerbation of chronic rhinosinusitis; CRS = chronic rhino-
sinusitis; CRSwNP = chronic rhinosinusitis with nasal polyps;
CRSsNP = chronic rhinosinusitis without nasal polyps.
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varying sample sizes. Our smaller sample size for oma-
lizumab and reslizumab likely reflected differences in
physician and patient preferences for treatment choice
of airway disease. Also, analysis was from a single
medical organization in a large metropolitan region, so
generalizability is limited.

CONCLUSION
We reported that type 2–targeting biologics in

patients with CRS may reduce AECRS as judged by a
decrease in antibiotic and corticosteroid use. Patients
who experience frequent antibiotic use for AECRS
may thus have a primary benefit from biologic ther-
apy. Those with a lower rate of antibiotic or cortico-
steroid use may see a cumulative reduction with
time, which may be an important secondary benefit
of biologic therapy. Analysis of our data potentially
highlights an unrecognized clinical benefit of type 2–
targeting biologics in reducing antibiotic use for

AECRS. If confirmed, this property of these drugs can
be used as part of decision-making when selecting
biologic treatment that is appropriate for individual
patients.
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